The flash glucose monitoring system FreeStyle Libre (Abbott Diabetes Care Ltd., Witney, UK) measures interstitial glucose concentrations and continuously stores measurement values every 15 minutes. To obtain a current glucose reading, users have to scan the sensor with the reader. In a clinical trial, 5% of the scanned data showed relative differences of more than ±10% compared with continuously stored data points (median -0.5%). Such differences might impact results of studies using this system. It should be indicated whether scanned or continuously stored data were used for analyses. Health care professionals might have to differentiate between data reports from clinical software and the scanned data their patients are provided with. Additional information on these differences and their potential impact on therapeutic decisions would be helpful.
Technology Report
The flash glucose monitoring system FreeStyle Libre (Abbott Diabetes Care Ltd., Witney, UK) measures interstitial glucose concentrations, and it is indicated in the European Union to replace blood glucose (BG) measurements in many situations. The sensor continuously stores one tissue glucose measurement value every 15 minutes. While real-time continuous glucose monitoring (rtCGM) systems continuously transfer sensor data in real-time to some kind of receiver, the above-mentioned system relies on intermittent scanning of the sensor with the reader (intermittent-scanning CGM; isc-CGM). Users have to scan the sensor with the reader to obtain a current glucose concentration reading and to transfer continuously stored data points from the sensor to the reader.
Over the past months, several studies have been published in which this iscCGM system was used, focusing, for example, on measurement performance or on its impact on glycemic control. [1] [2] [3] [4] [5] [6] [7] In some cases, scanned data were used for analysis, [1] [2] [3] whereas in other cases continuously stored data were used 4, 5 or no detailed information was provided. 6, 7 This evaluation focused on the comparison of continuously stored data and scanned data.
Methods

Flash Glucose Monitoring System
The investigated iscCGM system consists of a sensor, which is intended to be worn on the upper arm for up to 14 days, and a reader for data display. To avoid loss of data, the sensor has to be scanned at least every 8 hours. Upon scanning, the reader also displays a graph of glucose levels from the last 8 hours (see Figure 1) . When accessing glucose data in the reader, scanned data are displayed in numerical values, whereas continuously stored data are not. Although the continuously stored data points are available in the reader's memory, only low-resolution glucose graphs can be displayed by the reader itself. To access the numerical values of continuously stored data points, data have to be downloaded from the reader.
Once data are downloaded to a PC by use of the manufacturer-provided software (available online), scanned data and continuously stored data are available as numerical values. In addition, manually set markers and data from the built-in BG meter are downloaded. All data can be displayed in graphs or logbooks. Data can also be exported for use in other software. 
Clinical Study
In a clinical study, 20 participants with type 1 diabetes wore 2 iscCGM sensors in parallel each for up to 14 days. On each of a subject's upper arms, one sensor was applied. Participants scanned their iscCGM sensors on average approximately 16 times per day to obtain current glucose readings and to transfer continuously stored data from the sensor to the reader. After download to a PC using the manufacturer-provided software, scanned data and continuously stored data were compared. Statistical analysis was based primarily on pairs of scanned data and continuously stored data points with identical timestamps (dataset A). A second analysis was based on pairs of scanned data and values obtained from interpolating continuously stored data points. No information is available on how the reader and the PC software generate graphs from the scanned and continuously stored data points. However, analyzing data reports from the PC software and comparing the figures to graphs generated using spreadsheet software (Microsoft® Excel® 2010 Service Pack 2, Microsoft Corporation, Redmond, WA) indicates that the continuously stored data points are likely to be connected by straight lines. Therefore, for each scan that did not have the same timestamp as a continuously stored data point, the data points recorded immediately before and after the scan were linearly interpolated. The interpolated value was used to estimate the value of the continuously stored data point if it had been stored at the time of the scan (dataset B).
Results
In dataset A, 95% of relative differences were found within -9.9% and +10.2% (n = 525; median -0.5%; mean -0.4%; range -21.0% to +21.1%). Mean absolute relative difference (MARD) ± standard deviation (SD) between scanned data and continuously stored data points in dataset A was 3.6% ± 3.5%.
In dataset B, 95% of relative differences were found within -10.6% and +13.6% (n = 8824; median -0.2%; mean +0.1%; range -26.4% to +54.0%). MARD ± SD was 4.0% ± 4.2%.
Distribution of relative differences is shown in Figure 2 . In Figure 3 , 8 hours of data from one sensor and accompanying information are displayed to provide an example of differences between scanned data and continuously stored data points.
Discussion
In this evaluation, differences between continuously stored data points and scanned data that end-users are provided by the investigated iscCGM system with were found.
Clinical studies in which this iscCGM system is used might be affected by such differences. For example, continuously stored data points may indicate hypoglycemic values, whereas the study participant may not react to these values, because scanned data might indicate glucose readings above the hypoglycemic range. Studies about analytical performance could possibly be affected as well, because analyses based only on continuously stored data might not adequately describe the performance as perceived by users. It would be helpful if publications regarding iscCGM systems in general explicitly reported whether continuously stored or scanned data were used.
If health care professionals adjust a patient's diabetes therapy based on iscCGM data, they might have to differentiate between scanned data and continuously stored data. The scanned data a patient has readily available when using isc-CGM might paint a different picture than the reports generated in a clinical software. In case of this system's PC software, it is not explicitly stated whether parameters like estimated HbA1c or time in specific glucose ranges are based on scanned or on continuously stored data. However, comparing the output values with values calculated from exported data suggests that these parameters are based on continuously stored data.
Although the median difference was small (-0.5% and -0.2% in datasets A and B, respectively), suggesting that there is no systematic measurement difference (bias), there was considerable variability in the individual differences. MARD between scanned and continuously stored data points (ie, within the same device) was in the range of the MARD that high-quality BG monitoring systems exhibit when compared to laboratory analyzers. 8, 9 When iscCGM systems show differences between scanned data and continuously stored data points, these differences are an additional factor that could influence performance comparisons between isc-CGM systems and BG monitoring systems or laboratory analyzers. This iscCGM system's instructions for use neither acknowledge that there is a difference nor do they provide information on a possible impact on therapeutic decisions. Additional information from the manufacturer could help understanding and interpreting systemrecorded data.
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